Fluorescence studies of threonine-promoted conformational transitions in aspartokinase I using the substrate analogue 2'(3')-O-(2,4,6-trinitrophenyl)adenosine 5'-triphosphate.
The trinitrophenyl derivative of ATP, 2'(3')-O-(2,4,6-trinitrophenyl) adenosine 5'-triphosphate, has been used as a spectroscopic probe to investigate threonine-promoted conformational changes in the aspartokinase region of aspartokinase-homoserine dehydrogenase I in an attempt to relate the structural effects of threonine binding to inhibition of enzymatic activity. Binding of this analogue substrate to the enzyme is characterized by a 9-fold enhancement in probe fluorescence. Saturating levels of the feedback inhibitor, threonine, produce a 77% increase in fluorescence enhancement, indicating an increase in the rigidity or hydrophobicity of the nucleotide-binding site in the inhibited form of the enzyme. Threonine titration studies indicate that the two inhibitor-binding sites found on each subunit do not contribute equally to the fluorescence-detected conformational change. Comparison of the spectral change with the inhibition of dehydrogenase activity has revealed the exclusive involvement of the non-kinase threonine sites. No transition can be detected as a consequence of inhibitor binding at the kinase subsites. The results of the 2'(3')-O-(2,4,6-trinitrophenyl)adenosine 5'-triphosphate study have provided further evidence for a concerted kinase-dehydrogenase conformational change which is induced by threonine interaction with the high affinity binding sites and which provides maximal inhibition of homoserine dehydrogenase and the majority of aspartokinase inhibition. The failure to observe a distinct enzyme form produced by threonine occupation of the low affinity kinase sites suggests that no large structural reorganization of the kinase active site is produced as a result of this binding event. The conformational change, suggested by the cooperativity of threonine binding, must instead involve only a subtle or highly localized alteration which does not perturb the environment of the ATP-binding cleft.